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—13 ð the great facilitator 
ÁNon-zero —13 is clearly established 

   Modern reactor expt. combination: 
       sin2(2—13) = 0.095 ±  0.010 

ÁMakes feasible long-ōŀǎŜƭƛƴŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦΧ 
neutrino mass hierarchy 
  (0’ data and Majorana nature of ’; approach 
   to m; cosmology; astrophysics; theoretical 
   frameworks for mass generation, quark/lepton 
   unification; Is the lightest charged lepton 
   ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ƘŜŀǾƛŜǎǘ ƭƛƎƘǘ ƴŜǳǘǊƛƴƻΚΤ Χύ 
CP phase  
  (Most vocalized motivation is the relation to the 
   cosmological baryon asymmetry though leptogenesis, 
   but even this huge motivation understates the 
   importance of searching for CP violation in leptons, 
   as evidenced here) 
’   flavor mixing 
  (Is ’3 more strongly coupled to ‘ or † flavor?; 
   frameworks for mass generation, quark/lepton 
   ǳƴƛŦƛŎŀǘƛƻƴΤ Χύ 

        —13 is not the end.  It is the beginning. 
  

ÁOf note, intriguingly specific predictions for mixing 
ƳŀǘǊƛȄ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŀǊŜ ƻǳǘ ƛƴ ǘƘŜ ǿƛƭŘΧ 

3 

Ryan Patterson, Caltech Project X Physics Study 2 



Current long-baseline experiments 
ÁMaking a stab at these questions: 

    MINOS,  NO’A,  T2K 
(presented in pedagogically convenient order) 

Á!ƭǎƻ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘǎΩ ƎƻŀƭǎΥ 
  - precision measurements of dominant atmospheric 
        parameters|Dm2     |, sin2(2—23) 
  - comparisons of ’, ’ַ  disappearance (BSM physics) 
  - ǎǘŜǊƛƭŜ ǎŜŀǊŎƘŜǎΣ ǎǳǇŜǊƴƻǾŀŜΣ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎΣ Χ 

ÁWill discuss separate and combined reaches 

ÁOther current LBL experiments are somewhat 
ƻǊǘƘƻƎƻƴŀƭ ƛƴ ǎŎƻǇŜΦ L ǿƻƴΩǘ ǘŀƭƪ ŀōƻǳǘ ǘƘŜƳΥ 
    OPERA   (’† appearance, ToFΣ Χύ 
    ICARUS   (LAr R&D, ’† appearance, sterilesΣ Χύ 
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MINOS 

T2K (Super-K) 

NO’A 

OPERA ICARUS 

atm 



MINOS  

ÁNuMI to Soudan (735 km) 

ÁIron-scintillator tracking calorimeter 

ÁBest-suited for ’‘ CC channels 
(disappearance measurements) 

ÁBut, can do —13-driven ’e appearance, too 
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άLŘŜƴǘƛŎŀƭέ ƴŜŀǊ ŀƴŘ ŦŀǊ ŘŜǘŜŎǘƻǊǎ 
(1 kton ND, 5.4 kton FD) 

MINOS Far Detector 

   MINOS primary physics run is over 
    (however, see MINOS+ talk) 

735 km 



Full, everything-combined (almost) ’‘ CC data set 
(from MINOS talk at Neutrino 2012) 

’‘   /  anti-’‘   /  anti-’‘ in anti-’‘ mode   /   atmospheric ’‘ and anti-’‘ 
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Á~4% error on squared-mass splitting 
   (Note: |Dm2  

 /  Dm2  | Ғ 3% 
        ᶒ precision, 3-flavor era) 

 

ÁBest-fit:  non-maximal mixing 
  - Only at 1„, but relevant 
        for discussion later 
  - New Super-K atmospheric 
       result at Neutrino 2012 also 
       prefers non-maximal mixing 

 

|Dm2      |   =  (2.39       ) 10-3  eV2 
ς0.10 
+0.09 

sin2(2—23) =  0.96  ±   0.04 

sin2(2—23)   >  0.90  (90% C.L.) 
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MINOS ’‘ disappearance 

atm 

21 32 
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’e candidates in neutrino data 

 ’ַ e candidates in antineutrino data 

MINOS ’e appearance From MINOS talk at 2012 
   Full neutrino and antineutrino 
   data sets combined 


